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Welcome to the EPA’s "Preliminary Remediation Goals for Radionuclides in Buildings at
Superfund Sites" (BPRG) user's guide. Here you will find descriptions, equations and default
exposure parameters used to calculate the risk-based PRGs. Additional guidance is also provided

page before proceeding. The user guide is extensive, so please use the "Qpen Al Sections” and
“"Close All Sections” links below as needed. Individual sections can be opened and closed by
clicking on the section titles. Before proceeding through the user’s guide, please read the

o

Oner Al Bectie Sise Al Bechons

Dsclaimer

This guldance document sets forth recommended approaches based upon the current availlable and relevant science
with respect to risk assessment for responss actions at CERCLA sites. This documaeant dogs not establish binding rules.
Alternative approaches for risk assessment may be found to be more appropriate at specific sites {e.g., where site
circumstances do not match the underlying assumptions, conditions, and models of the recommended guidance). The
use of this recommended guidance or of alternate approaches in the consideration or selection of remedial or removal
actions on CERCLA sites should be reflected in the Administrative Records for such sites. Accordingly, if comments are
received at individual sites questioning the use of the approaches recommended in this guidance, the comments should
be considered and an explanation provided for the selected approach.

The policies set out in the Radionuclide BPRG User's Guide provide guidance to EPA staff. It also provides
recommended guidance to the public and regulated community on how EPA intends the National 0l and Hazardous
Substances Poliution Contingency Plan {NOP) be implemented. EPA may change this recommended guidance in the
future, as appropriate. This calculator is intended for use by risk assessors, health physicists, and other qualified
environmental protection speciatists,

it should also be noted that calculating a BPRG addresses nelther human radionuclide dose or noncancer toxicity nor
potential ecological risk, Of the radionuclides generally found at CERCLA sites, only uranium has potentially significant
noncancer toxicity, When assessing sites with uranium as a contaminant, it may aiso be necessary to consider the
noncancer toxicity of uranium using other fools, such as EPA's Regional Screening Levels (R2]s) for Chemical

buildings. EPA's PR Caleulator should be used o assess radionuciide cancer risk in solf, water and air and the &
Calculator for cancer risk for hard outside surfaces. EPA's BOE Calculator should be used to assess radionuclide dose

dose for hard cutside surfaces. Similarly, some sites with radiclogical contaminants in sensitive ecological seltings may
also need to be evaluated for potential ecological risk. EPA's guidance "Eodogica! Bisk Assexsment Suidanse fuy

using benchmarks for ecological effects in the remedy selection process.

1. Introduction

Generally, these recommended Preliminary Remediation Goals for Radionuciides in Bulldings {BPRGs) are reasonable maximum
expeosure (RME) risk concentrations derived from standardized equations that combine exposure information and toxicity
information in the form of slope factors (SFs). Recommended BPRGs are presented for resident and indoor worker exposure. The
risk-based BPRGs for radionuclides are based on the carcinogenisity of the contaminants. Cancer slope factors {8Fs) used are
provided by the Cender for Redialio ik Done

-

Generally under the NCP, PRGs are risk-based, protective screening values that can be used lo identify areas and contaminants
of potential concern (COPCs) that either do or do not warrant further investigation. PRGs typically are tools for evaluating and
cleaning up contaminated sites. They are not de facto cleanup standards and should not be applied as such; however, they may
ke heipful in providing long-term targets to use during the analysis of remedial alternatives, in general, generic PRGs are used
before site-specific risk assessments as a screening lool. After the baseline risk assessment, PRGs are typically refined to
incorporate site-specific Knowledge and conditions,

This recommended BPRG guidance is a tool that the U8, Environmental Protection Agency has developed o help standardize
the evaluation and cleanup of radicactively contaminatad buildings. This guidance provides a recommendead methodology for
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radiation professionais 1o calculate risk-based, site-specific, concenirations for radionuslides that comply with a risk-based
standard, such as the 1E-04 to 1E-08 NCP risk range.

Soals) (RAGE Part B). RAGS Part B provides guidance on using EPA
1 o caicuiate risk-based recommended BPRGs. Recommended for initial use at the

toxicity values and exposure informat
scoping phase of a project using readily avaliable information, risk-based recommended BPRGs generally are modified based on
site-specific data gathered during the RVFS study. This website combines current EPA SFs with "standard” exposure factors to
estimate contaminant concentrations in setfled dust on surfaces, ambient air, and direct exiernal exposure that are protective of
humans (including sensitive groups) over a lifetime. Excesding a recommended BPRG usually suggests that further evaiuation of
the potential risks is warranted. The recommended BPRG concentrations presented on this website can be used to screen
poliutants, trigger further investigation, and provide injtial cleanup geals, if applicabie.

in addition to this guidance, for relevant fraining see the internet-based course, "Deconiamingtion and Desom
eif |

sHogizally O

This website combines current (e o Radiation Pints
contarminant concentrations in environmental media {biota, alr
groups) over a lifetime. Sufficient knowledge about a given site may warrant the use of site-specific assumptions that may differ
from the defaults. Exceeding a BPRG usually suggests that further evaluation of the potential risks is appropriate. The BPRG
concentrations presentad on this website can be used 1o screen pollutants in envirenmental media, tigger further investigation,
able. BPRGs should be appiied in ascordance with guidance from EPA Regions.

= SFs with standard exposure factors fo estimate
, scil, and water) that are proteclive of humans {including sensitive

and provide inilial cleanup goals, if ap

The BPRG cal

wiator was previously peer reviewed, and the documentation of that peer review may be seen

2. Understanding the BPRG Website

2.t General Considerations

BPRGs are isolope concentrations that correspond to certain levels of risk from dust inside g bullding, Slope Factors
(SFs) for a given radionuclide represent the risk equivalent per unit intake (.o, ingestion or inhalation) or external
expesure of that radicnuclide. In risk assessments, these 8Fs are used in calculations with radienuctide concenirations
and exposure assumptions o estimate risk from exposure to radicactive contamination. The calculations may be
rearranged to generale BPRGs for g specified level of risk. SFs may be specified for specific body organs or lissues of
interest or as a weighted sum of individual crgan risk, termed the effective risk equivalent. These 8Fs may be multiplied
by the tolal activity of each radionuclide inhaled or ingested per year, or the external exposure concentration to which a
recepltor may be exposed, lo estimate the risk 1o the receplor. Siope Faclors used are provided by the £
slion Knpwladoe, The main report is Laici oefficients and the tables
of DCFs are in a separale guper

iope Facions ang Dos

inhalation slope factors are tabulated separately for each of the three lung absorption types considerad in the lung mode!
currently recommended by the International Commission on Radiciogical Protection (HCRP) and, where appropriate, for
inhalation of radionuciides in vapor or gasecus forms.

The designations "F", "M", and "S" presenied in the Radionuclide Table under the heading "ICRP Lung Type" refer to the
hing absorption type for inhaled particuiate radionuclides, expressed as fast (F), medium (M), or slow (S}, as used in the
current |ICRP model of the respiratory tract. The inhaiation slope factor value tabulated in the Radionuclide Table for each
radicnuclide has been selected based on the following guidelines: (1) For those elements where Table 4.1 of Federal
Guidance Report Mo. 13 {and Table 2 of ICRP Publication 72) specifies a recommended defauit lung absorption type for
particulates, the inhalation siope factor for that type is tabulated in the Radionuclide Table for each radicisclope of that
element. (2) For those elements where no specific lung absorption type is recommended and mulliple types are indicated
as plausible chioices, the inhalation slope factor reported in the Radionuciide Table for each radicisolope of that element
is the maximum of the values for each of the plausible lung abseorplien types. (3) If Federal Guidance Report No. 13
specifies risk coefficlents for muitiple chemical forms of certain elements m, carbon, sulfur, icdine, and mercury), the
inhalation slope factor value for the form estimatad to pose the maximum risk is reported in the Radicnuciide Table, in

most cases

inhaled particulates are assumed to have an activity median asrodynamic diameler (AMAD} of 1 um, as recommended
by the ICRP for consideration of environmenial exposures in the absence of specific physical characteristios of the
aeroscl Where appropriste, radionuclides may be present in gas or vapor form, are designated by "G" and "V",
respectively; such radicnuclides include tritium, carben, suifur, nickel, ruthenium, lodine, tellurium, and mercury.

The most likely exposure scenarios and exposure assumptions are included in the equations on this website:

D Iale

cifle g

ing using EPA 8Fs and exposure
density of 1.6 g/om has been used.

The recommended BPRGs are generated with slandasid eopos
For the caleulation of soll ingestion slope factors, a slandard soil

2,2 BPRG Outpast Oplions

The caicuiater offers three options for caleulating BPRGs. Previous versions of this caleulator employed siope factors that
included progeny ingrowth for 100 years, designated “+D." The +I slope factors are no longer included in the plok list,
This section describes the potential applications of the three choices and recommends a default BPRG caicuiation.
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2.2.8 BPRE Ouipnt Opiion #10 Assurses Seaular Eguilibrivgs Througbout the Chaidn (e decay)

This is the preferred BPRG calculation option and is marked as the default selection in the calculator. When a
single isotope is selected, the calculator identifies ali the daughters in the chain. The BPRGs for each daughter
are combined with the parent on a fractional basis. The fractional basis is determined by branching fractions
where a progeny may decay into moere than one isotope. The resulting BPRG is now based on secular
equilibrium of the full chain. For straight chaln decay 12 progeny would be at the same activity of the parent,
and the BPRG provided In the outpul would be the inverse sum of the resiprosal BPRGs of the parent and all
the progeny. Currently, ail the soll BPRG equation images are presented with a radicactive decay term to
account for half-lives shorter than the exposure duration. Decay is nol included in this BPRG option, as the
assumption of secular equiliorium is that the parent is continually being renewed.

When the secular equilibrium BPRG output option Is selected, the BPRG Calculator now gives the option fo
show the individual progeny contributions for the BPRG (and risk) output. When the option to display progeny
contribution is selected, the BPRG Calculater culput gives the secular equilibrium BPRG and the individual
progeny BPRGs in separate tables.

e Atolal BPRG Is caleulated using the following formula.

Total secalar equilibrium BPRG for parent isotope;

. 1
15 —

SE ot n 1
(-4BPRG il

SEoroite ;
where:
n = total numiber of exposure rotes,

Raouta secular sguilibrium BERG for parentisatope.

BPRG - L
SEroute {1 1
Ew‘ar—*m]i
Loon B
where:

n = total number of izotopes i decay chain,
FC = fractonal contnbution of isofope In decay chain
BRRE = BEREG [or isutope in decay chain without decay.

222 BPROG Guiput Option 22 Doos Not Aesame Seoubar Faguilibrium, Provides Besolis for
Progeny Throughoud Chain Dwith deeay)

This opticn displays the BPRGs caloulated with half-ife decay as identified in the BPRG eguation images. In
addition to the selectad isotope, all the individual progeny BPRGs are displayed. Each BPRG is delermined with
each isctope’s respective half-life and not that of its parent isctope. This option does not assume secular
equilibriumn and presents all the individual progeny BPRGs, so that the risk assessor can identify isclopes thal
will be presant and measure their activities, Users can alter progeny half-iife 1o mateh the parent isolope or cther
progeny or to acecurt for ingrowth and decay over a chain.

2.2.4 BFRG Gutput Option #3: Does Not Assinne Seculbnr Fguilibrinm, Mo Progeny Induded
{with deosy)

This epticn displays BPRGs for only the seiected isotopes, with haif-life decay as identified in the BPRG
equation images. In this cutput, secular equifibrium is not assumed, progeny BPRGs are not displayed, and
progeny confribution is not combined into the BRPRG for the selectad isctope. This option is useful when
contarmination is from one radionuclide with a very long half-life, where secular equiliorium would be too
conservative.

2.3 Blope Factors (8Fs)

EPA classifies all radionuciides as Group A carcinogens ("carcinogenic to humans"). Group A classification is used only
when there is sufficient evidence from epidemic! oglc studies to suoport a causal association between exposure fo the
agents and cancer. The app e ks, from the £ obion Krewledge, lists ingestion,
inhalation and exiernal exposure cancer slope faaiors {risk coefficients for total cancer morb;d:ty) for radionuctides in
conventional units of picocuries (pCi). Ingestion and inhatation slope factors are central estimates in a linear model of the
age-averaged, lifetime attributable radiation cancer incidence {fatal and nonfatal cancer) risk per unit of activily inhaled or
ingested, expressed as risk/pCl. External exposure slope factors are central estimales of lifetime attributable radiation
cancer incidence risk for each year of expesure o external radiation from photon-emitting radionuclides distributed
uniformly in a thick layer of soll, expressed as risk/yr per pCligram soil. External exposure siope factors can also be used
that have units of risk/yr per pCifem? soil, When combined with site-specific media concentration data and appropriate
exposure as=umbticﬁs slope factors can be used to estimate iifetime cancer risks to members of the genera poou!ailon

o
S

- K‘HlSK Assessment Guidance for Superfund Volume ) Human Heaith Evaluation Manual, PartF, & mplemenhl
Guidance for inhalation Risk Assessment). The development of inhalation slope factors for radionuclides differs from the
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guidance presented in RAGS Part F,

The BFs from the { v Radiation Prdeclion Knowiedge differ from the values presented in HEAZET. The SFs were
calculated using ORNL's DCAL software in the manner of Federal Guidance Repori 12 and 13. For the caloulation of soil
ingestion siope factors, a standard soil density of 1.6 g/om? has been used. The radionuclides presented are those
provided in the International Commission on Radiclogical Protection (ICRP) Publication 107, This document contains a
revised database of nuclear decay dala (energles and intensities of emitted radiations, physical half-iives and decay
modes} for 1,282 naturally soourring and manmade radionuclides, ICRP Publication 107 supersedes the previous
database, ICRP Publication 38, published in 1983,

2.3.4 Metastable Isoiopes

Muost dose and risk coefficiants are presented for radicnudlides in their ground state. In the decay process, the
newly formed nucleus may be in an excited state and emit radiation (e.g., gamma rays) o iose the energy of the
state. The exciled nucleus is sald to be In a metastable state, which is denoted by the chemical symbol and
atomic number appended by "m” {2.q., Ba-137m). If additional higher enargy metastable stales are present,
then "'n", "p", ete.... is appended. Metastable states have different physical haif-lives and emit different radiations
and thus unigue dose and risk coefficients. In decay data tabulations of ICF 7, If the half-life of a melastable
state was less than 1 minule, then the radiations emitied in de-excitation are wded with those of the parant

Eu-152, in addition to its ground state, has two metastable stales: Eu-182m and Eu-152n. The haif-lives of Eu-
182, Eu-152m and Eu-152n are: 13.5 y, 9.31 m and 96 m, respectively, and the energy emitted per decay is
1.30 MeV, £.080 MeV, and 0.14 MeV, respectively.

2.4 BPRG i Context of Superfund Modeling Framework

This recommended BPRG caloulator focuses on the appiication of generic and simple site-specific approaches that are
part of a larger framework for calculating concentration levels that are designed 1o be consistent with risk-based criteria.
Generic recommended BPRGs for a 1 x 108 cancer risk standard are provided by viewing either the tables in the

ik d % section of this calculator or by running the BEREG t1 section of this calculator with the "Get Defauit
BPRGs" oplion.

Generic recommended BPRGs can be calculated from the same equations presented in the sife-specific portion of the
calculator, but typically they are based on a number of default assumptions chosen to be protective of human health for
most site conditions. Generic resommended BPRGs can be used in place of site-specific BPRG lavels; however, in
general, they are expected lo be more protective than site-specific levels, The site manager shouid weigh the cost of
collecting the dala necessary to develop site-specific BPRGs with the potential for deriving a higher BPRG that provides
an appropriate level of protection,

To avoid unnecessary inconsistency between radiological and chermical risk assessment and radiciogical dose
assessment at the same sile, users should generally use the same model for chemical and radionuclide risk assessment
and radionuclide dose assessment. If there is a site-specific reason for using ancther mede!, justification for doing so
should be developed. The justification should inciude specific supporting data and information in the adminisirative
record. The justification nermally would include the model runs, using both the recommended EPA BPRG model and the
alternative model. Users are cautioned that they should have a thorough understanding of both the BPRG recommended
mode! and any allernative model when evaluating whether a different approach is appropriate. When alternative models
are used, the user should adjust the default inpul parameters to be as close as possible to the BPRG inputs, which may
be difficuit since models tend to use different definitions for parameters. Numerous computerized mathematical models
have been developed by EPA and other organizations o predict the fale and transport of radionuclides in the
envirenment; these models inciude single-meadia unsaturated zone models (e.g., groundwater fransport) as well as muiti-
meadia modeis. These models have been designed for a variety of goals, shiectives, and applications; as such, no single
mode! may be appropriale for all site-specific conditions. Generally, even when a different model is used to predict fate
and transport of radionudides through different media, EPA recommends using the BPRG calculalors for the remedial
prograrm o estabiish the risk-based concentrations to ensure consistency with CERCLA, the NCP and EPA’s Superfund
quidance for remedial sites. Prior to using another model for risk assessment ot @ CERCLA remedial site, EPA regional
staff shouid consult with the Superfund remedial program’s National Radiation Expert (Stuart Walker, (703) 603-8748 or
v. For more information on this issue, please see questions 10 and 16 on pages 12 and 17-18 of

3 L8 A (EPA B40-R-012-13, May 2014).

wand A

- 8 R
R AES CLA S

2.5 Undersianding Risk Ouiput on the BPES Websile

The BPRG o ter provides an option to select risk cutput. In the calculator, select "ves” if risk culput is desired.
Selecling risk cutput requires the calculator to be run in "Sile Specific” mode. The risk values presented on this site are
radionuclide-specific values for individual contaminanis in air, dust, and 3-D external exposure that may warrant further
investigation or site cleanup.

2.5.4 Geperal Considerations for the Bisk Gaipod

This portion of the risk assessment process is generally referred to as "Risk Characterization”. This step
incorporates the cutoome of the exposure and texicity assessments 1o calculate the risk resulting from pelential
expesure to radionuclides via the pathways and routes of exposure determined appropriate for the scurce area.

The process used to calculate risk in this calculaior dees not follow the traditional method of first calcuating a

httpsi//epa-bprg.oml.gov:8085 /users_guide html[10/7/2019 11:20:22 AM]

ED_006060A_00002441-00004




BPRG User's Guide

CDI (Chronic Daily Infake}. Rather, risk is derived using a simple method that relies on the linear nature of the
refaticnship between concentration and risk. Using the equation below, a PRG, the target risk used to calcuiate
the PRG, and a concentration enterad by the user are all that is required fo calculate risk.

TRPRG = Risk/C

The lingar eguation above is then rearrangad to solve for risk:
Risk = (C » TR}/ PRG

where:

Risk = a unitiess probapility of an individual developing cancer over a lifetime, determined with the equation
above

C = Concentralion entered by the user in site-specific mode [pCifg ; pCirem? ; pCifm7]

TR = Target Risk provided by the user in site-specific mode

PRG = Preliminary Remediation Geoal, determined by the values entered by the user in site-specific mode [pCilg
; pCifom? ; pCifm3]

2.5.2 Geaeral Constderations for Entering Site Baga

As presented in the previous section, the risk cutpul is dependent on the BPRG caloulated, Seclion 2.2
discusses the BPRG cutput options. To summarize section 2.2, the BPRG opticns are either secuiar equilibrium
or net. if the data is collected from a site where secuiar equilibrium is assumed to be present, the user need only
enter the activity of the parent in the calculator and a represertative risk of the parent and all progeny will be
presented in the calculator output. In the case of non-secular eg rium, the current "state of the chain” may
nct be Known or easily calculated. In the case of relatively fast decaying isctopes, significant decay or ingrowlh
of progeny may have ocourrad since the sample date. Further, delermining future aclivity of the contaminants
may be useful in planning for fulure release of a property.

A Decay Chaln Adbdiy Proiectinn Tool has been developed where the user oan select an isotope, enter  length
of time {c allow decay and ingrowth, and enter the beginning activity of the parent. The resulls of this tool,
pictured below, are the activities of the parent and progeny at the end of the decay and ingrowth of progeny
time. Thease aclivities can be enterad infe the BPRG calculalor o calculate risk using the second and third
BPRG Quiput options.

Cecay over bn

105

He it Helizd

w53 One-Hit Bale

The linear risk equation, listed above, is valid only al low risk levels (below estimaled risks of 8.01). For sites
whare radiological exposure might be high (estimaled risks above .01}, the one-hit equation, which is
consistent with the linear low-dose model, should be used instead (BEAGS, paet A ch. 8). The re presented
on the BPRG use this rule. In the following instances, the one-hit rule is used independently in the risk culput
fables:

de.
uie applied to single radionuclide results) for mu

+ Risk from a single exposure route for a single radion
= Summation of single radionuclide risk {without cne-hit
exposure routes {right of each row).

s Summation of risk (without one-hif rule applied fo single radionuciide res
multiple radicnuclides (bottom of each column),

« Summation of tolal risk {without one-hit rule applied o single radionu

) from 2 single exposure routs for

lts or summations

lide re

sted above)
from multiple radionuclides across muitiple exposure routes {botlom right hand cell).
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a. Using the BPRG Table

Gwalnad Areg” provide generic concentrations in the absence of site-specific exposure assessm

These screening concenirations can be used to;

ritize multiple sites within a facility
e Bel risk-based dataction limits for contaminants of pota
e Focuse further assessment or respense actions for the site or buiiding

tal concam (COPCs)

3.8 Developing a Conceptoal Hite Model

When using BPRGs, the exposure pathways of concern and sile conditions should
Thus, normaily, a conceptual site mode! (C8M) shouid be developed to identify
exposure pathways, and potential receptors. This information can be used to determine the applicabiiity of screening
levels at the site and the need for ad al information. The final CSM should represent linkages among contaminant
sources, release mechanisms, exposure pathways, and reutes and receplors based on historical information. Exposure
routes could include ingestion, inhalation, external exposure, or submersion. See Section 4.3.9 for the consideration of
dermal exposure. A C3M should sumrmarize the understanding of the contamination problem.

maich those of the screening levels.
¢ contaminart source areas,

Existing EPA documents with additional CSM quidance are:

tion Mamal (Pan D
rents). See Planning Table 1; and
ee Attachment A

CSMs may be tabular, graphi or stem-and-ieaf. Section 4 of the user guide presents links to graphical CSMs for each
scenaric. Below is a stem-and-leaf CSM showing the exposure routes quantified and not quantified in this caloulator.

aE"ONDARY EXPOSURE
KEDIA

PRIMARY

ASE
MECHARISM

> ] Resuspension } -’){Aﬂbume im---
indoar
Building L s of Building 5 Particulates
Idaterials taterials

3-D Sources

Zonceptus! Site Model of Guantified Expasure Pathwaysfor radionuclide BPR
Black tines are direct exposwre routes:

As a final check, the C8M shouid answer the foliowing questions:

concerns?

%

Are there potential ecolo
is there potantial for other uses of the
agricuitural, recreationai, or trespasser)?

« Are there other likely human exposure pathways that were nol considered in development of the recommended BPRG
e
Are there unusual site conditions?

L]

ding other than those covere

d by the recommended BPRG levels (e g,

57

®

The recommendead BPRGs may need to be adjusied to refiest the answers to these questions, and additional ieols or
assessment methodologies may need o be considered {e.g., if there may be potentially significant ecclegical risk). The
recommended defauil scenarios In this caleulator are based the same default scenarios EPA provides in its guidance.
Other soenarios may be investigated, using the BPRG calcuiator, by &l g recomimended site-specific exposure
parameters.

3.2 Background Badistion

MNatural background radiation shouid be considered before applying the recommended BPRGs to develop cleanup levels.
Background and site-related levels of radiation should be addressed as they are for other hazardous substances,
s, and contaminants al CERCLA sites. For further information, see EPA's guidance "Rolg of Backgrpund in ing
CERCLA Clesnun Program”, April 2002, (OSWER 9285 6-07P). It should be noted that certain ARARSs may specifically
address how 1o factor background into cleanup levels. For example, some radiation ARAR levels are established as
increments above background concentrations. in these circumstances, background should be addressed in the manner
prescribed by the ARAR. Additional information on radioactive materials present in building materials can be found
g ol the Mationa! Inslitite of Sloadards andd Tachoy

2.3 Botential Prablems and Limitations
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As with any risk/dose-based tocl, the potential exists for misapplication. in most cases, this results from not
understanding the intended use of the recommended BPRGs. In order 0 prevent misuse of the recommaended BPRGs,
follow these guideiines:

& D0 not Apply recommended BPRG lavels io a site without adequately developing a conceptual site model that
identifies relevant exposure pathways and exposure scenarics.

« Do not use recommended BPRGs as cleanup levels without the consideration of other relevant criteria.

e Do not use recommended BPRGs as cleanup levels without verifying numbers with a health physicist/risk assassor,

= Do not use outdated recommended BPRG tables that have been superseded by more recent publications.

« Make sure to consider the effects from the presence of multiple isotopes.

4. Land Use Descriptions, Bguations, and Technical
Documentation

The recommended BPRGs censider human exposure from direct contact with contaminated dust and air and external exposure to
contarminated building materials. The equations and technical discussion are aimed at developing concentration levels for risk-
based cleanup. Calculation of the recommended BPRGs are based on the § 3.5 The following text presents the
recommended land use equations and their exposure routes. Table 1 presents the recommended definitions of the variabies and
their default values. Any alternative values or assumptions used in remedy evaluation or selection on a CERCLA sile should be
prasented with supporting rationale in the Administrative Record.

4.5 Resident

The recommended BPRG eguations for the residential exposure scenario, presented here, contain the following
exposure pathways and exposure roules:

412 Buposnre fr Setthed Bust on Surfaces

The resident is exposed fo radicactive contaminants in dust that settles in a bullding. Exposure is via twe
exposure roules: external exposure and ingestion. ingestion of dust ocours when hands contact dust-laden
surface and then come in contact with the mouth, Variation is aliowed for contact with hard and soft surfaces, as
the transfer to skin varies on surface type.

Graphicsl Representation

Eqpuations

Ingestion:

il
TRxt lreaba [year]

(i 2:\ =
EFRGres—dust—mg lpu, o

R 2o end | o e

witigra:

kS

: f30dan B hour o ( 1o hoes ]
g o pdodottcadubion poSdttthdcatos et
IHFTJB‘ pope (225 J Em,___m( = ]]+ [Fn e ,C[ = e

. crr?] {17 svents)

SEIH SR re ) I !
SEoapan . [Byes] t-ArES_H pemnll | e |

; e [mz) =
Tesad]

s e = M"” s paper [0 0o L
fik tRSsa gy r=s =R5s g5 reseal s vasy ) {= ey

[ag e ] o [ vents)

oE[05)en ev»:ntJ Al baw

rﬂs'a(zu‘ S

B R L

Externalk

httpsi//epa-bprg.oml.gov:8085 /users_guide html[10/7/2019 11:20:22 AM]

ED_006060A_00002441-00007



BPRG User's Guide

TRKtrES(year]Kh[ ! ]
o VER
BPRGres—dust—ex’t [pCu’Em ] o ~k‘tve_ ) Wy i 4
1 R0 i vichAvpar i L
S e TR el o o b i ok e =
ktres [ J g’{tgplp(;ifcm‘ . b AR OFE-CET
. 5 ’ y 5
o7 [#hous Ll 1day ]XEF ' Hdidays| [ 1vew XED__ (26 years)
vesl dhy ) L Bdhours) resl o wesr | lGeodan res
Total
T 1
BERE s dustint (ptlicm ) - i . i
BRPGrea—dum-ing BpRGre-&dusi-ext

The resulting units for this recommeandad BPRG are in pCilem?2. The units are based on area, because the SF
used is the ground plane for external exposure, and the ingestion route is based on hand surface area
contacting dust on surfaces and subsequent hand to mouth transfer evenis. This eguation is for values of k that
are greater than 0; when k=0, the dissipation term is not quantified 1o avald division by zero.

Befinitions of the input variables are in

4.t.2 Baposure to Anablent Ale With Halflife Dreay Exposure

Ambient air exposure equations are presented below. These equations include a half-life decay function. In
situations where the contaminant in the air is not being replenished (e.g.. contaminated settied dust from a
previous release that is being resuspendad), these equations shouid be used.

The resident is exposed to air in the home via two exposure routes, The first exposure roule is inhalation of air.
inhalation is assumed 1o cocur for the entire twenty-four hour day. The second exposure route is submersion
Submersion is external exposure from the contaminated air.

Geaplhionl Represeniation
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Definitions of the input variables are in

4.3.5 Exposurs fo Amddent Al Without Hall e Decay Exposars

Ambient air exposure equations are presented below. These equations do not include a half-life decay function.
in situations where the contaminant in the air has a continual source {e.g., Indoor raden from radium in the soil),
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these equations should be used.

The resident is exposed to air in the home via two exposure routes, The first exposure roule is inhalation of air.
inhalation is assumed 1o cocur for the entire twenty-four hour day. The second exposure route is submersion
Submersion is external exposure from the contaminated air.

Graphicsl Representation

Eqpuations
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Definitions of the input variables are in ]

43,4 31 Direct Exiornad Exposurs

The resident is exposed to radivactive contaminants in the buliding malerials of the walls, floor and ceiling.
Birect exiernal exposure from these contaminanis is the only exposure route in this scenario. This scanaric uses
varicus soif volume and ground plane slope factors.

Graphicsl Representation

Foyuations

Contarpinated building materials in walls, floor and ceiling using soll volume toxicity values
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The resulting units for this recommended BPRG are in pCilom2. The units are based on area, because the SF
used is the ground plane for external exposure, and the ingeslion route is based on hand surface area
contacting dust on surfaces and subsaquent hand to mouth transfer evenis,

Befinitions of the input variables are in

4-2 Indoor Workey

The recormmended BPRG equaticns for the indoor worker exposure scenario, presented here, contain the following
exposure pathways and exposure roules:

4-2.3 Exposure to Dust on Scitled Surfaces

This worker is exposed 10 the radinactive contaminants in dust that seitles in the building. Exposure is vig fwo
exposure routes: external exposure and ingestion. ingestion of dust cceurs when hands contact dust-laden
surfaces and then come in contact with the mouth. Variation is allowed for contact with hard and soft surfaces,
as the transfer to skin varies on surface type,

Geaplhionl Represeniation

Eqpuations
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The resulting units for this recommendad BPRG are in pCifermn?. The units are based on area, because the SF
used is the ground plane for extamal exposure, and the ingestion roule is based on hand surface area
contacting dust on surfaces and subsequent hand to mouth transfer events, This equation is for values of K that
are greater than 0; when k=0, the dissipation term Is not quantified to avoid division by zero.

Definitions of the input variables are in Tatls 1.

G2.2 Exposure to Ambient Ay With halfife Deosy

Ambient air exposure equations are presented below. These equations include a half-life decay function. In
situations where the contaminant in the air is not being replenished (e.g.. contaminated settied dust from a
previcus release that is being resuspended), these equations should be used. This worker is exposed to alr in
the building via two exposure routes. The first exposure route is inhalation of air. Inhalation is assumed o ooour
for the entire eight hour work day. The second exposure route is submersion. Submersion is external exposure
from the contaminated air,

Graphical Representation
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Befinitions of the input variables are in g 1.

4.2.4 Exposure 1o Ambient Alr Without Half-life Decay
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Ambient air exposure equalions are presented below. These equations do not include a half-life decay function,
in situations where the contaminant in the air has a continual source {e.g., indoor raden from radium in the soil),
these equations should be used.

This worker is exposed to air in the building via two exposure routes. The first expesure reute is inhalation of air.
inhalation is assumed to oceur for the entire eight hour work day. The second exposure roule is submersion.
Submersion is exiernal exposure from the contaminated air,

s i

CGraphical Repre
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Befinitions of the Input variables are in

4204 31 Divect Externad Exposurs

This worker is exposed to radioactive contarninants in settled dust on the walls, floor and ceiling. Direct external
expesure from the contaminants in the dust is the only exposure route in this scenario. This scenaric uses
varicus soif volume and ground plane slope factors,

Graphical Representalion

Faynations

Contarainated building materdale in walls, floor and ceiling using 5ol volume toxicily values
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The resulting units for this recommended BPRG are in pCiiem?, The units are based on area, vecause the SF
used is the ground plane for external exposure, and the ingestion route is based on hand surface area
contacting dust on surfaces and subsequent hand to mouth transfer evenis.

4

le 1.

Befinitions of the Input variables are in

4.2 Exposure Pavameter Justification

S are

431 Exprovre Tione (E1}

The exposure time represernts the hours per day that a receptor spends exposed {o a source. The exposure
times vary by exposure scenario, age of the receptor, and whether the source is iocaled on a hard or soft
surface. The EPA Office of Pesticide Programs (OPP) recommended defaulls for a child resident are 8 hr/d for
carpets and 4 hr/d for hard surfaces. Hard surface time is based on the estimated time spent in the Kitchen and
bathroom. Carpet time is based on remaining indoor time not including sleeping. This recommendation was
judged to be representative of many children under age 8, who spend most of their time at home. After 18, many
individuals will spend more time in schoo! or at work, Others, however, may not work or attend school and spend
more time at home. To be protective, it was decided 1o recommend this second scenario and assume thal adult
residents would spend 8 hw/d on soft surfaces (carpet, sofiz, ele.} and 4 hr/d on hard surfaces. This tolals 12
hr/d. Assuming that an individual sleeps 8 hr/d, the total time in a residence is 20 hr/d, For this calculator, the
rermaining 4 hr/d were equally divided belween exposure o hard and soft surfaces. This resulls in recommended
defaull vaiues of 10 hrid on carpets and € hr/d on hard surfaces for adull and child residents. Ingestion of setlied
dust while sleeping is considered negligible, because dust doesn't coliect between sheets. Note that inhalation
and subsequent ingestion of dust particles trapped in muccus is not quantified in the recommended BPRG
equations due 1o lack of exposure information; however, exposure 1o ambient air and direct external exposure
continues during sleep. Additional dust ingastion may ocour during food preparation or storage on hard surfaces
but is not quantified in the recommended BPRG equations due to lack of exposure information.

For the indoor worker, exposure time for the dust ingestion exposure route is also divided between exposure to
hard and soft surfaces. For this calculator, the recommended defaults were set at 4 hr/d for hard and soft
surfaces. The recommended exposure time for exposure to amblent air and direct external exposure is the
entire work day, or 8 hrid

4.3.% Fraciion Transferered froo Surface fo Shin (FT88)
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in general, this is the fraction of residue on a surface that can be transferred to skin, US EPA 2003 (pg D-5)
states that hand press experiments were conducted on dry skin, Transfers of 10% were cbserved for carpels
and 50% were ohserved for hard surfaces. These recommendations are considered representative of the WIC

situation and were adopled for this caloulator,

4.3.3 Surface Avea {5A)

i general, this is the skin area contacted during the mouthing event. The OPP recommended default was based
on the surface area of the 3 fingers that a child will most likely use for hand to mouth transfer. It was assumed
thiat 3 fingers of one hand represents about 8% of the tolal area of both hands (EPA 2003). The exposure factor
handbook (EPA 2011, Table 7.2) presents hand surface areas for adults and children. For children, the surface
areas were lime-weight averaged across ail age groups from hirth to § years (317 om?), and the 5% assumption
was applied to derive the child hand surface area of 16 om?

The hand surface area for the adult was also derived from data presented in the exposure factor handbook
{EPA 2011, Table 7.2} The exposure factor handbook presents hand surface areas for adult males and females
of 1070 and 89C cm?, respectively. These numbers were averaged to 980 cm?, and the 5% assumption was
appiied to derive the adult nand surface area of 49 om?,

4804 Fregueny of Hand o Mouth (£}

The exposure factors handbeook (EPA 2011, Table 4-1) and the World Trade Center report (EPA 2003} provide
hand 1o mouth contact rates for many age groups. For the child FQ, all age groups for mean indoor contact from
birth to 8 years old were time-weaight averaged from the exposure factor handbook. Missing dala points were
substituted with data from the nearest age group. The FQ for children was determined to be 17 times/hr,

For the adult FQ, all age groups for mean indoor contact from 8 to 26 years old were time-weight averaged from
the exposure factor handbook and World Trade Center report. The FQ for adults was determined to be 3
times/hr,

4.5.5 Saliva Extraciion Pactor (88}

in general, the fraction fransferred from skin fo mouth will depend on the contaminant, mouthing time, and other
behavioral patterns. The OPP recommended default is 50%, based on pesticide studies. Michaud et al (1994}
assurmned that all of the residues deposited on the fingertips would be transferred to the mouth, twice per day. In
the Binghamion re-entry guideling derivation, a range of factors were used: 0.08, 0.1, and 0.25, representing the
fraction of residue on hand that is fransferred fo the mouth (Kim and Hawley, 1935). For purposes of this
assessment, the OPP recommended default of 30% was selected for all ages.

4358 Age-Adiusted Dot Ingestion Bate (11}

To acceount for the variability in exposure activities between children and adulls, a recommended age-adjusted
dust ingestion rale equation was developed. This equation is designed o take inlo account the differences in
hand to mouth behavior, hand surface area, and exposure fe hard and soff surfaces over the exposure durations
of an adult and child.

4.3.7 Pust Ingestion Rate (IR

To acoount for the variability in exposure to hard and soft surfaces, a recommended dust ingestion rate eguation
was deveioped. This equation averages the differences in exposura o hard and soff surfaces by the exposure
times.

G3.8 Dissipation Rade Constant (k3

in some circumstances, the load of dust on a contaminaled surface to which receptors are exposad may deciine
aver time. Dissipation of dust may resuit from cleaning and transfer to skin and clcthing. Different surfaces may
be cleaned al different rates, and any dissipation rale used should consider a representative cleaning frequency.
To determing whether dissipation is a faclor at a given site, the sile manager should establish whether a
significant reservoir of contaminated dust is present. Such reservoirs may function as sources of dust and
negate the impacts of dissipation mechanisms. In fact, indoor concentrations of contaminanis may he enhanced
al). The recommended
first step in identifying the presence of a reservolr is to examine site history. If a wasle site was created through
dispesal, deposition, or equipment leaks over an extended period of time, then the contaminant may have
seeped deep inlo the surface. Porous surfaces such as cement or wood are also more likely 1o have subsurface
contamination. When reserveirs are less likely to exist, such as at sites where contamination is the result of a
single spill, dust cloud, or event, it may be more important lo account for dissipation of surface loads. For fixed
contamination in building materials or on material surfaces in the 3-I equations, the dissipation term is not

&

included as dissipation is not expected.

The recommended default value for the dissipation rate constant, 0.0, assumes that a contaminant reservolr is
present. This variable is adjustable in the recommended BPRG calculaler. If a dissipation rate constant is used,
it is generally assumed thal the dust was deposited as a one-time avent (i.e., dust cloud). Aisc, if a dissipation
rale is applied, it is assumed that i is applicable from recommended BPRSG calculation fime onward. The
discussicn below provides a review of the literature related to this issue and provides an alternative dissipation
rate constant value. Site specific dissipation rate constants can be used. This equation is for values of k thal are
greater than 0; when k=0, the dissipation term is not quaniified to aveld division by zerce. Ses the following text.

Based on many studies presentad in EPA 2003 (pg. D-5), there is strong support for considering dissipation in
setiing criteria for buliding clean-ups. A study of the Binghamion State office Building found that dioxin has
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dissipated over ime, according to first order kinetics, with a 20 1o 22 month half-life. This dissipation is thought
to oceur from a combination of cleaning, resuspension, and dilution with uncontaminated dust (and possibly
some volatilization). These same physical dissipation processes would apply to other compounds addressed in
this study as well, Therefore, the other sompounds wera assumed o dissipate at the same rate as dioxin, in
summary, a 22 month half-life {dissipation rate constant of 0.38 yr 1) was adopted. Exposures were calculated
irt a series of lime steps, where the residue level was assumed to dissipate according to first order kinetics:
CSL = C8Lyype e, where

CSL = Contaminant Surface Load (piom?)

CBLiniia = It Contarninant Surface Load {ug/om?)
k = Dissipation Rate Constant {1/yr}

t=Time {yr}

The above eguation steps are shown for completeness. This recommended BPRG calculator compuies a
concentration of contaminants in dust that will not exceed a larget risk. The equation simply derives the amount
of dust. For this recommended BPRG calculator, the only parts of the equation that are relevant are the
dissipation rate constant and time, By putling these variables in the dencminater of the recommended BPRG
resident and worker ingestion of dust equations, a higher recommended BPRG concentration would be
calculated,

WARNIMG: Using a dissipation rate constant or changing the value of ¢ should only be done once a
complete understanding of the mathematics involved in deriving the equation is gained and after the
site conditions have been fully investigated. The following exhibits display the results obtained by
changing the value tand k. 1is equal to ER in all equations.

in the simpiified PRG equation: PRG=TR/CDI"SF*(1-e(R0y(kt), where PRG is preliminary remediation goal, TR
is target risk, CDI is chronic daily intake, SF is the radionuclide-specific slope factor, and {1-eCKDY/(kD) is the
dissipation term . E ] > shows the resulls of changing K.

shows the resuits of changing & &

Exbabit 1. Resulis Obtained By Changing The Value £

t K SF ool TR (4-et-K0)(KkY PRG

yr vt risk/pGi cm? risk unitiess plifem?
ol 0.38 1.00E-05 400 1.0CGE-086 1.00E+G1 2.5E-04
1 .38 1.0CE-05 400 1.0CGE-06 3.32E-01 3.01E-04
2 0.38 1.0CE-05 400 1.00E-08 7.00E-01 3.57E-04
3 0.38 1.0CE-05 400 1.00E-08 5.97E-01 4.19E-04
4 .38 1.00E-05 400 1.00£-08 &5.14£-01 4 86E-04
5 .38 1.00E-05 400 1.00£-08 448801 5.59E-04
8 0.38 1.00E-058 400 1.00E-06 3.94E-01 8.35E-04
7 0.38 1.00E-058 400 1.00E-06 3.50E-01 7.18E-04
8 0.38 1.00E-05 400 1.00E-08 3.13E-01 7.98E-04
9 0.38 1.00E-05 400 1.00E-08 2.83E-01 8.84E-04
10 0.38 1.0CGE-05 400 1.0CGE-08 9.72E-04
11 0.38 1.0CGE-05 400 1.0CGE-08 2.36E-01 1.08E-03
12 .38 1.0CE-05 400 1.0CGE-06 2ATE-01 1.185E-03
13 0.38 1.0CE-05 400 1.00E-08 2.01E-01 1.24E-03
14 0.38 1.0CE-05 400 1.00E-08 1.87E-01 1.34E-03
15 .38 1.00E-05 400 1.00£-08 1.758-01 1.43E-03
16 .38 1.00E-05 400 1.00£-08 1.64E-01 1.52E-03
17 0.38 1.00E-058 400 1.00E-06 1.855E-01 1.62E-03
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18 0.38 1.00E-05 400 1.00E-06 1.46E-01 1.71E-03
18 0.38 1.00E-05 400 1.00E-06 1.38E-01 1.81E-03
20 0.38 1.00E-05 400 1.00E-08 1.32E-01 1.90E-03
21 0.38 1.00E-05 400 1.00E-08 1.25E-01 2.00E-03
22 0.38 1.00E-05 400 1.00E-08 1.20E-01 2.08E-03
23 0.38 1.00E-05 400 1.00E-08 114601 2.18E-03
24 0.38 1.00E-05 400 1.00E-08 1.10E-01 2.28E-03
25 0.38 1.00E-05 400 1.00E-06 1.05E-01 2.38E-03
26 0.38 1.00E-05 400 1.00E-06 1.01E-01 ZA7E-03
7 0.38 1.00£-05 400 1.00E-08 9.75E-02 2.57E-03
28 0.38 1.00£-05 400 1.00E-08 9.40£-02 2.66E-03
29 0.38 1.00E-05 400 1.00E-06 9.07€-02 2.76E-03
30 0.38 1.00E-05 400 1.00E-06 8.77E-02 2.85E-03

Fabibit 2. Resulfs Obiained By Chaoging The Vabse k.

t k SF ool TR (1-et-E kY PRG

yr yret risk/pCi cm? risk unitiess pCiem?
30 .G00001 1.00E-05 400 1.00E-08 1.0CE+GC 2 50E-04
30 0.033331 1.00E-05 400 1.00E-08 €.32£-01 3.96E-04
30 0.086861 1.00E-05 400 1.00E-06 4.32E-01 5.78E-04
30 0.059991 1.00E-05 400 1.00E-06 GATE-O1 7.8%E-04
30 0.133321 1.00E-05 400 1.0CE-08 2.45E-01 1.02E-03
30 0.166651 1.00E-05 400 1.0CE-08 1.89E-01 1.26E-03
30 0.199981 1.00E-05 400 1.0CGE-086 1.86E-01 1.50E-03
30 £.233311 1.00E-05 400 1.0CE-06 1.43E-01 1.75E-03
30 £.2668641 1.00E-05 400 1.0CE-06 1.25E-01 2.00E-03
30 0.289971 1.00E-05 400 1.0CE-08 1 1E-0 2.25E-03
30 0.333301 1.00E-05 400 1.0CE-08 1.00E-M 2.50E-03
30 €.3865831 1.008-06 400 1.00E-08 9.08£-02 2.75E-03
30 €.389961 1.008-06 400 1.00E-08 8.338-02 3.00E-03
30 G.4332M 1.00E-08 400 1.00E-06 7.68E-02 3.25E-03
30 G.486621 1.00E-08 400 1.00E-06 7.14E-02 3.50E-03
30 0499951 1.00E-05 400 1.00E-08 6.87E-02 3.75E-03
30 0.533231 1.00E-05 400 1.00E-08 6.25E-02 4.00E-03
30 0.566611 1.00E-G5 400 1.00E-08 5.88E-02 4. 25803
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30 0.399941 1.00E-05 400 1.00E-086 5.56E-02 4.50E-03
30 0.633271 1.00E-05 400 1.00E-08 5.26E-02 4.75E-03
30 0.666601 1.00E-05 400 1.00E-08 5.00E-02 5.00E-03
30 0.689931 1.00E-05 400 1.00E-06 4.76E-02 5.25E-03
30 0.733261 1.00E-05 400 1.00E-06 4.55E-02 5.50E-03
30 0.766581 1.00E-05 400 1.00£-08 5.75E-03
30 G¢.789921 1.00E-05 400 1.00£-08 4.17E-02 8.00E-03
30 0.8332581 1.00E-05 400 1.00E-06 4.00E-02 8.25E-03
30 0.866581 1.00E-05 400 1.00E-06 3.85E-02 6.50E-03
30 G.899911 1.00E-05 400 1.00E-086 3.70E-02 6.75E-03
30 $.833241 1.00E-05 400 1.00E-086 3.57E-02 7.00E-03
30 (.868571 1.00E-05 400 1.00E-08 3.45E-02 7.25E-03
30 1 1.00E-05 400 1.00E-08 3.33E-02 7.50E-03

4.3.9 Dermal Exposure

(ither possidle exposure pathways that may be considered in a radiclegical analysis of g contaminated buiiding
would include internal contarnination due to puncture wounds and dermal absorption of radionuclides deposited
on the skin. The radiaticn doses caused by these two pathways, however, are likely o be de minimis and much
smalier than the doses caused by the other polential pathways already considered for most radionuclides
{(Mennady angd Strenge 1982 in Section 3.1.2). Therefore, dermal pathways are not included in the current
yarsion of this BPRG calculator. if one desires to calculate dermal risk, one method would be to calculate the
dose based on adherence of dust/soil to dry or wet skin. The mobility of the radionuciide, the range of the
emitted beta particles, and the assumed exposure parameters may be used ic determine the percentage
conlribution of each component o the total calcuiated risk. The partitioning coefficient (Kd) of the beta-emilting
radionuclide of concern would be used lo determine the significance of the sweat layer. i this value approaches
zero, then contaminated soif particulates may disscive, and diluted concentrations should be estimated from the
al s0ii concentrations. if Kd is greater than zero, then the range of the emitled bela particies is expecled o
become the maest impertant factor in determining if the radionuslide yiglds an unacceptable dose. If the range
exceeds the average distribution of the sweat layer, then risk calculations are likely warranted. The dry
depositicn scenaric dominales the whole exposure interval. Ctherwise, the radicnuciide is shielded by the sweat
layer, and the correspending indirect deposition condributions 1o the tolal risk are negiigible.

4350 Boom Sarfuees Factor (g0

The 3-D direct external exposure equations {building materials and dust) without Fg,+ are single surface
equations. The swifaces facler, in the recommended default and site-specific equations, is based on exposure {o
4 walls, the fioor, and the ceiling in a room. This calculator uses the relationship betwesn the dose rate
coeficients for exposures in a contaminated room and dose rate coefficients for an infinite source to calculate a
surfaces factor {Frgy). The dose quantity evaluated is the air kerma rate one meter above the floor. The floor,
walls, and ceiling of the reoms are assumed 10 be contaminated o the same le Firddea & 5 room
sizes, ranging from 10 by 10 by 10 to 400 hy 400 by 40 feel, were modeled to account for the dose contribution

from muitiple swrfaces. Several individual materials, including wood, glass, concrete, drywall and adobe mud
brick, were analyzed as well as 2 composite scenarios where multiple building materials are present in differen
ratios. Compesite 1 is a drywall room with a giass window, wooden doors, and drywall walls. The flcors for
composite 1 are concrele and the ceiling is drywall, Composite 2 is a concrete room with wooden doors, a
drywall ceiling, and a concrete floer. Both composite cases used a homogeneous mix of material for the walls i
represent the window and door mixed in with the wall. Four receptor pesitions were included for each materiah
average, center of room, corner of room, and along the center of a wall. Contam ion depths were considered
o be sudace, tom, Som, 15om, and 100cm (infinite}. The F g, for the defaull option is set fo the most
protective value across the 8 room sizes and 4 receptor positions. In the site-specific option, the user can select
from the 5 room sizes, 4 receptor posilions, and the building material. § presents the air kerma
values; additional appendinces were developed for this BDCC Caleulator to give the ratios compared to infinie
dose coefficients. The F g« vaiues for parent nuclides for adobe and concrete are given in Appaidiz A god B,
Golhand B The b
values for parent
nuclides are given in

nuclides for room composite 2 are given in Appandin 5. The F g,y vaiues for the ™+D"
1 The F,_;, values for the "+E" nuslides are given in Ap

5 .
£

4.313 Badionoclide Beeny Consiant (3}
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The decay constant term (A}, which is basad on the half-life of the isclope, Is used for some media in nearly all
land uses. A = 0.693/half-ife in years (where 0.693=In{2)). The term (1 - eM) takes into account the number of
haif-lives thal will conur within the exposure duration to calculate an appropriate value. For the secular
equilibrium BPRG output opticn, decay s not used. In most cases, sile-specific analytical data should be used to
establish the actual degree of equilibrium belween each parent radionuciide and lis decay products in each
media sampled. However, in the absence of empirical data, the secular equilibriumn BPRGs will provide a

profective sereening value. Definitions of the input variables are in ¥ 1.
4.5 82 Gavoens Shhelding Yactors (G8F, and GEFL}

A shielding factor, G8F,, was added to the air subm
user has a site-specific shielding factor, It can be applied in the calculator,

rsion equations with a default of 1 {no shielding). fthe

A shielding factor, GSF,, was added to the 3-D building equations with a default of 1 (no shielding). If the user
has a site-specific shielding factor, it can be applied in the calculalor.

4.4 Bguation Sources and Parametors

This section presents details on some of the equation sources and paramelers.

448 Expaosues o Seftled Dost on Sarfhwes Fguadions
inadvertent ingestion from materials deposited on surfaces equation was modeled after the equation found in
ANL 2001 (Fig 8.3). The ingestion rale term in this equation was modeled afler EPA 2003 (pg. D-4).

External exposure from deposited materials equation was modeled after the equation found in ANL 2001 (Fig

8.7)

4.4.2 Ambient Alr Exposnre

The inhalation equation was modeled after the equation found in EPA 2003 (pg. D-1}.

The submersion equation was modeled after the equation found in ANL 2001 (Fig 8.1)

4.4-%.1 Bubuanersion Pathway Equation Derivation

The air submersion external dose from exposure to indoor contaminated air was calculaled by using

wing equation

where:

Fin = fraction of time spent indoors;

fraction of time spent in compartment J;

total annual alr submersion effective dose equivalent from radionuclide n at time Lin
compartment / (mrem/iyr);

average concentration of radienuclide # at time ¢ in the indoor air of compartment 1 (pCifm3);
and

= air submersion DCF for radionuclide n {mrermiyr per pCifm3),

3-4.3 External Exposure

The direct extamal exposure from the volume and surface of a large area equation was moedeled after ANL 2001
{Fig 8.8}, External exposure from deposited materials equation was modeled after the equation found in ANL
2001 {Fig 8.7).

4-3.3.1 Exteroal Exposure Fgusdion Derivagion
The external exposure pathway dose from exposure fe an area or a volume sourse cortaining
radicnuclide n in compartment 4,

, Is expressed as!

where:

Fi, = fraction of time spent indoors;
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F, = fraction of time spent in compartmeant f,

=gverage conceniration of radionuclide n

FGR-12 dose convarsion factor for infinite volume source; and

gecmetrical factor for finite area, source thickness, shielding, scurce material, and position of
receptor relative to the source for radionugclide n.

The geometrical factor is the ratic of the effective dose equivalent for the actua! scurce to the effective
dose equivalent for the standard source. The standard souwrce is a contaminated soil of infinite depth
xiert with no cover. The geometrical fastor is expressed as the product of the depih-and-

and lateral

cover factor, Fep, an area and material factor, Fy, and the off-set factor, Fopp et

8o,

= effective dose from actual source/effective dose from standard scurce.

Then,

Fop X Fapm X F

Godeo803 Popth-And-Cover Factor (Fopd

Mote: The Fop would traditionally be included in this type of analysis; however, it is not
included in the equaticns for this calculator. This calculator includes depth-specific dose
conversion factors for surface (ground plane) and unifermly distribuled volume sources at four
specific thicknessas (1 om, & em, 15 om, and effectively infinite). Inclusion of these dose
conversion factors eliminates the need for the Fop.

Dose conversion factors in FGR-12 (Eokerman and Ryman 1893} are given for surface and
uniformly distributed volume scurces at four specific thicknesses (1 em, & em, 15 em, and
effectively infinite) with a soif densily of 1.6 giem®. FGR-12 assumes that sources are infinite in
laterai extent. In actual situations, sources can have any depth, shape, cover, and size A
depth and-cover factor function, Fgp. was developed with regression analysis to express the
attenuation for radionuclides. Thres independent radionuclide-specific paramelers were
determined by using the effective dose equivalent values of FGR-12 at different depths.
Kamboj et al. (1598) describes how the depth-and-cover function was derived using the
effective dose equivalent values of FGR-12 at different depths. A depth-and-cover factor
function was derived from the depth facter funclion by considering both dose conlribution and
attenuation from different depths,

where:
A, B =fit parameters (dimensicniess);
K. Kg = fit parameters {(om2/g);

i = shielding thickness (um) (the sum of all shielding thicknesses between the source and the
receptor), the shielding is placed immedigtely adjacent 1o the source;

o= shielding density {g/om3){the thickness-averaged densily between the source and
receplor);

i = source thickness (cmy;

ps = source density {glem®y,;

T, = shielding parameter {m); and

T = source depth parameter {m).

The foliowing constraints were put on the four fiting parameters:
1. All the parameters wera forced 1o be positive;

2. A+B=1and

w

. In the limit scurce depth, 1, — zero, the DCF should malch the contaminated surface DOF.
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Al the four unknown parameters (4, B, K,, and Kg) were found for 67 radionuclides available
in the RESRAD-BUILD computer code. The fitted values of A, B, K,, and K for radionuclides
were used in the dose calculations.

G4.3.3.% Arog-And-Material Factor {Fal

For aciuai geomeiries (finite area and different malerials), the area and material factor, Fap.
was derived by using the point-kernel methed. This factor depends not only on the Iateral
extent of the contamination but alse on source thickness, shielding thickness, gamma
energies, and source material threugh its attenuation and buildup factors, All energies from
radicnuclide decay were considered separately and weighted by iis vield, y, energy, £, and an
energy dependent coefficient, K, to converl from air-absorbed dose to effective dose

eqguivaiert.

where:
R R A

(X)2 =124 (im+ 3)2;

B and p are the buildup factor and the altenuation Tactor, respectively, for the appropriate
material (& for air, ¢ for shield material, and s for socurce malerial or scil reference). The
integration volume V' is the desired geometlry of specified material with radius R, shieiding
thickness f,, and air thickness I;; whereas Vs the reference geomelry of soif extending
infinitely lateraily with ne shield and the recaptor midpoint located 1 m from the surface.

445,83 OfF-set Factor { Foppany?

The off-set factor, Fore ger is the ratic of the dose estimates from a noncirouiar shaped
contaminated material to a reference shape. The concepl of the shape factor is used to
calculate the off-set factor. The reference shape is a fully contaminated circular area
encompassing the given shape, centered about the receptor. This factor is derived by
considering the area, malerial factors of a series of concentric circies, and the correspoending
contarnination fraction of the annular regions. The off-set facioer is obtained by enclesing the
rregularly shaped contaminated ares in a circle; multiplying the area factor of each annulus by
ine fraction of the contaminaled annulus area, f; summing the produsts; and dividing by the
area facler of a circular contaminated material that is equivalent in area.

5. Recommended Delault Exposure Parameters

Table 1 presents the definitions of the variables and thelr default values. The BPRG defaul values and exposure models are
consistent with the Dose Compliance Concentrations for Radicnuciides in Bulidings (BDRO.C) calouiator. Both the BPRG and BDCC
defaull values are consistent with the World Trade Center Assessment (PA 2003), where the same pathways are addressed
{e.g., ingestion and inhalation) and are analogous where pathways ara si r{e.g., dermal and exiernal exposure), except where
the BDCC and BPRG have been updated to both follow the recommendations in the OSWER Disctive concerming use of
exposure paramelers from the 2013 Expreuns Fachus Handbodk. Any alternative values or assumptions used in remedy
evaluation or selection on a CERCLA site should be presented with supporting rationale in Administrative Records.

Table 1. Recommended Default Exposure Parameters

BPRG Equations

Exposure fo 15cm of conlaminaled dust on
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BPRG,,3p.

exi-18cm

BPRGy.3p-

axt-iem

BPRG 3.

axi-5om

BPRG.,.3p.

2xt-gp

BPRGy.ap.

ext-ay

BPRG o

dacay-inh

BPRG

M -ai-

dacay-suB

EPRG

iw-air-

decay-tof

BPRG,

v-air-

nodecay-inh
BPRGyy

nodecay-sub

BPRGy, -

nodecay-iot

BPRG,,.

dust-ext

BPRG,,.

dust-ing

BPRG,,.

dust-tet

BPRG eq.

3D-exi-15cm

BERG e

3D-exi-tom

BPRG e

3D-exi-Som

BPRG e

3D-exi-gp

indoor Worker 3-1 Direct External
Exposure (pCilg)

indeor Worker 3-D Direct External
Exposure {(pCig)

indoor Worker 3-D Direct External
Exposure (pClg)

indoor Worker 3-D Direct External
Exposire (pCifom?)

indoor Worker 3-D Direct External
Exposure (pCifg)

indoor Worker Inhalation of Ambient Alr
(with half-life decay) (pCiim?)

indoor Worker Submersion in Amblent
Alr (with half-iife decay) (pCifm3)

indoor Worker Tolal Exposure to
Ambient Air (with haif-ife decay)
{nCifm3)

indoor Worker Inhalation of Ambient Alr
{(with no half-iife decay) {pCifm3)

indoor Worker Submersion in Ambient
Air (with no half-life decay) (pCiim3}

indoor Worker Tolal Exposure o
Ambient Alr (with no haif-life decay)
{pCifm3)

indeor Worker External Exposure to
Seitled Dust on Room Surfaces
(pCilom?)

indoor Worker Ingestion of Setiled Dust
on Room Surfaces (pCilem?)

indaor Worker Tolal Exposure to
Settled Dust on Reom Surfaces
{pCifem?)

Hasident 3-D Direct External Exposure
(eCiig;

Resident 3-0 Direct Extarnal Exposure

(pCilg}

Fesident 3-D Direct External Exposure
(pCiig)

Resident 3-D Direct External Exposure
{pCilem?)

Resident 3-D Direct External Exposure
{pCiig)
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isotope-

specific

isctone-

spesific

isotope-

speacific

isotope-

specific

isoiope-

specific

isotope-

speacific

isolope-

specific

isoiope-

specific

isolope-

specific

isolope-

specific

isotope-

specific

isotope-

specific

isolope-

specific

isotope-

specific

isolope-

specific

isotope-

specific

isclope-

spesific

isotope-

specific

surfaces of building material. Developed for
BPRG calculator.

Exposure {o Tom of conlaminated dust on
surfaces of building material. Developed for
EPRG calculator.

Exposure to Som of contaminated dust on
surfaces of building material. Developed for
BPRG caloulator.

Exposure o ground plane contaminated dust
on surfaces of building material. Developed for
BPREG caiculalor,

Exposure {o infinite depth soil volume on
bullding material. Developed for BPRG
calculator.

Developed for BPRG caloulator.

Developed for BPRG calculator,

Developed for BPRG calculator.

Developed for BPRG caleulator, Exposura o
arnbient air.

Developed for BPRG caleulator. Exposure to
ambient air.

Developed for BPRG caleulator, Exposura o
arnbient air.

Developed for BPRG caloulator,

Developed for BPRG calculator,

Developed for BPRG calculator.

Exposwre o 18cm of contaminaled dust on
surfaces of building material. Developed for
BPRG calculator.

Exposure io Tem of cortaminated dust on
surfaces of building material. Developed for
BPRG calculator.

Exposure fo Som of contaminated dust on
surfaces of building material, Developed for
BPRG caleulator.

Exposure o ground plane contaminated dust
on surfaces of building material. Developed for
BPRG calculator

Exposure o infinite depth soil volume on

building material. Developad for BPRG
calculator
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BPHG o

~air-

decay-inh

BPRG g5.air-

dacay-sub

BPRGyos.ai-

decay-tof

BPRG

res-alr-

nodecay-inh

BPRGes

~alr-

nodecay-suly

BPRG 5 i

nodacay-tot

BPRG e

dust-ext

BPRG s

dust-ing

BPRG eq.

dust-tof

Hasident Inhalation of Ambient Air {with
haif-iife decay) {pCiim3)

Resident Submersion in Ambient Air
{with nalf-life decay) (pCiim3}

Resident Total Exposure to Ambient Alr
{(with half-iife decay) (pCifm3}

Fesident Inhalation of Ambilent Alr (with
no haif-life decay) (pCiim3)

Hasident Submersion in Ambiant Alr
{with no half-ife decay) {pCiim%

Resident Total Exposure to Ambient Alr
{with no half-iife decay) {pCifm3)

Resident External Exposure to Settled
Dust on Room Surfaces (pCilom?)

Fesident Ingastion of Settled Dust on
Room Surfacas (pCilom?)

Hasideni Tolal Exposure 1o Settled
Dust on Room Burfaces (pCifemn?)

isotope-
specific

isotope-
specific

isoiope-
specific

isotope-
speacific

isotope-
specific

isctone-
spesific

isolope-
specific

isotope-
speacific

isotope-
specific

Developed for BPRG caleulator

Developed for BPRG calculator,

Developed for BPRG caloulator.

Developed for BPRG calculator. Exposure to
ambient air,

Developed for BPRG calculator. Exposure to
ambient air,

Developed for BPREG calculator. Exposure to
ambient air,

Developed for BPRG calculator.

Developed for BPRG caleulator,

Developed for BPRG calculator,

SF

ext-15om

SFayt1em

SF,

axi-Sem

&F,

2xt-gp

SFext-sv

SF

SF,

SF,

oa

SFgup

Slope Factors

Extarnal Exposure Slope Faclor - direct
{risk/yr per pCi/ig)

External Exposure Slope Faclor - direct
{riskiyr per pCiig)

External Exposure Slope Factor - direct
{risk/yr per pCi/g)

Extemal Exposure Slope Faclor - dust
(risksyr per pCilom?)

Extarnal Exposure Slope Faclor - direct
{risk/yr per pCi/ig)

Inhatation Siope Faclor - air {risk/pCh

Dust ingestion Slope Factor -
nopulation (risk/pCl}

Dust ingestion Slope Factor - adult only
{risk/pCi)

External Exposure Slope Factor -
submersion (risk/yr per pCiim3)

Isctope-specific

Isctope-specific

lsctope-spedific

Isclope-specific

Isctope-specific

lsctope-spedific

Isctope-spesific

Isctope-specific

lsctope-spedific

RN 2014¢

Dose and Decay Constant Yariables

Dissipation Rate Constant - (vl

Time ~indonr worker fyn)
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mw

Targer fisk

Time - resident tyr)

decay constant = 0.693/haltlife (year)
where 0683 = In(2)

1208

NS
g3

lastope-
snecific

ERA 1950 (og $T18.8719)

Daveloped for Radionuside Soll Screening
Calciiator (EPA 20000)

Ein

Foreser

FQy

FOrun

FQao

Fr 5t

F sntion

Frsumn

Fr~5u.'599

Frauty

PSS,

F188,

GSE,

#iscellaneous Yariables

Area and Material Faclor {unifiess)

Eraction of froe spent In compariment
{unitiess)

Eraction time spent indoors (unitiess)

Off-set Factor (unitless)

Frequency of Hand to Mouth - indoor
worker feventing

Frequancy of Hand to Mowin - gdult
{event/hr}

Erequency of Hand to Mouth - ohild
{eventinr;

Room Surfaces Factor for 15 ¢ Sall
Volume {unitless)

Room Surfaces Faclor for 4 om Sl
Volume {unitless)

Room Surfaces Facler for 5 om Soil
Volume (unitess)

Raom Surfaces Faclor for Ground
Plane (unitleas)

Room Surfaces Factor for Infinlle Sail
Volume {unitless)

Eraction Transterred Surface 1o Skin-
nard surface (unftiess)

Eraction Transferred Burfoce 1o Skin -
sl surfave (Unilless)

Camma Shielding Factor for air
funitines)

Garnma Shielding Factor for building
surfaces {unitiess)

Surface Armg of Fingers - Indonr worker
fem?)

Surface &rea of Fingers - adult (om?)

httpsi//epa-bprg.oml.gov:8085 /users_guide html[10/7/2019 11:20:22 AM]

o

lsaetnpe-sperific

Isolope-specific

Isctope-speciiic

lsctope-specific

lsetnpe-specific

058

1 {assumes no
shielding)

1 lassumes no
shielding)

48

ANL 2001 Fig 85)

ANL 2001 (Fig 8.1)

ANL 2001 Figs 1)

ANL 2001 (Fig 8.6}

ERA20T) Tobled 1 and ERPA 20008 Timeg
weighted average of all age groups o G o
26.vears.

EPADOYT Table 4 1 and EPA 2003 Tive
weighled average ot allage groups fron B ko

28 years.

ERA 2011 Table 4.1 and EPA 2003, Time

irth

weignled average of gll age grouns from bl
fo 6 years.

EPA 2003 (pg. D3

EPA 2003 (pg. D)

Other GSFs are presented in these reports.
US EPA 008 (pg 277 U5 EPA I000b
ing 218}

Oher G5E5 are presented in these reponis.
18 EPA 2000a [pg 2-22) US EPA 2000b.
oy 2-18)

ERPA SO Table 7 2. 8% of the avetage of
adull male and female,

EPA 2011 Table 7.2 5% of the average of
adult mole and female
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SATES"C

Surtase Arsa of Fingers - child (o)

Saliva Exlraction Faclor funitings)

18

0.5

EPA 20 Tahle 7 2.5% of the averaae of
chid male and temale

EPA 2003 (pg. D5)

iFt}{es'atﬁj

IHA

B

Bhreca

RA..

Inhalation and Ingestion Hates

Age-Adiusied Inbalation Fraction -
resident (m: based on IRIS default)

Dust Ingestion Faclor - indoor worker
femdiday

Age-Adiusted Dust ingestion Fraction -
resident fcm?)

Inhaiation Rate - indoor worker
imiday: based on arate of 2 5%y
for 24nn)

Inhalation Rate - adult resident
{miday; based on RIS defayll)

Inhadation Rate —child resident
(méday; based on RIS default

181,000

1764

3200400

60

1

US EPA 1991 ing 15)

Calcuiated Vaiue based op EPA 2003 (pg D
4

Calnuialed Valie based o ERA 2008 (Bg. B
43

U8 EPA 1991 (pg 15

US EPA 1991 (pg 15)

U5 EPA 1997 (g 511

EDresc

EFy,

EF e

EF,

reg-a

EF s

v

Erww,h

ETws

ETies

ETV&S-@

Exposure Frequency, EXxposure

Exposure Duration - indoor worker (yr)

Exposure Duration - residend {yn)

Exposure Duration - aduil resident {yr}

Exposura Duration - child resident {yr}

Exposure Freguency - indoor worker
{days/yr)

Exposure Frequency - resident {day/yr)

Exposure Frequency - resident
adult{dayivr)

Exposura Freqguency - resident
child{dayiyr}

Alr Exposure Time - indoor worker
{hriday)

Exposure Time - indoor worker hard
surface {hriday}

Exposure Time - indoor worker soft
surface {hriday)

Air Exposure Time - resident (hr/day}

Air Exposure Time - resident
adulithr/day)
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Buration, and Exposurs Time Variables

ek

25

25

250

350

350

24

24

VS ERA 2014 (Altachment 13

LS ERA 2014 ABauhmant 1)

U5, EPA 2014 (Adlachmen

UL, EPA

fadtachment 13

4.8 ERA 2G4 AAllacmat 1)

LS ERA 2018 (allachment 13

AL

14 Alachment 1)

4.8, ERPA 2G4 (Allacnman 1)

EPA 2003 (pg. D-4}

EPA 2003 {pg. D-4)

LG ERA J014 (Allanhment 13

VS ERA 2014 (Altachment 13
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Exposure Time - adult resident hard . . .
ETrasan 5] EPA 2003 {pg. D-4)
. surface {hriday)
Exposura Time - adull resident soft
ETresas posure Tm ? 10 EFA 2003 (pg. D-4)
= surface {hr/day)
BT Air Exposure Time - resident 24 . A 204 {ARtantreat 1
es-C child(hr/day) IR W G R MR LIS T IS ;
Exposure Time - child hard surface
= HPOS ' & 5 EPA 2003 (pg. D-4}
res-oh {hriday)
ET Exposure Time - child soft surface ‘0 EPA 5003 ing. D-4)
res-c,s (nriday) i 4 ing. -4}
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Gonlast Us to ask a question, provide feedback, or report a problem.
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